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(54) Mobile communication system using efficient service area expansion scheme 



(57) A service area expansion scheme for a mobile 
communication system, capable of efficiently connect- 
ing thinly populated areas (satellite zones) to a mobile 
communication network so as to expand the service 
area of the mobile communication system economically. 
In expanding the service area, remote base stations are 
set at thinly populated areas, while a remote mobile 
local switching station for connecting the remote base 
stations to the mobile communication network is pro- 
vided. The remote base stations and the remote mobile 
local switching station are selectively connected 
through the public network by using the respective 



channel connection units for providing connections with 
the public network. The remote base stations and the 
remote mobile local switching station can be replaced 
by satellite base stations and a satellite mobile local 
witching station for connecting the satellite base sta- 
tions to the mobile communication network. The satel- 
lite base stations and the satellite mobile local switching 
station are selectively connected through the satellite by 
using the respective satellite connection units for provid- 
ing connections with the satellite. 



FIG.2 




3MGS : MOBILE GATEWAY SWITCHING STATION 
4MLS : MOBILE LOCAL SWITCHING STATION 
5BS : BASE STATION 
2P01 : POINT OP INTERFACE 

7RMLS I REMOTE MOBILE LOCAL SWITCHING STATION 

8RBS : REMOTE BASE STATION 

BOMCN : MOBILE COMMUNICATION NETWORK 
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Description 

BACKGROUND QF THE INVENTION 

FiQljpfthe Inventipn s 



expand the service area to include these thinly popu- 
lated satellite zones, in view of the required costs for 
additional stations and transmission paths. 

SUMMARY OF THE INVENTION 



The present invention relates to a scheme for 
expanding a service area of a mobile communication 
system, by connecting thinly populated areas to a 
mobile communication network. 

Description of the Background Art 

The service area of the mobile communication sys- 
tem is formed by a multiplicity of communication sup- 
ported areas (called zones or cells) provided by a 
multiplicity of base stations, which are distributed 
throughout a mobile communication network. 

Fig. 1 shows an exemplary network configuration of 
a conventional mobile communication system, in which 
a mobile communication network (MCN) 81 is con- 
nected with a fixedly provided public network 1 through 
a number of points of interface (POI) 2 at a number of 
mobile gateway switching stations (MGS) 3. 

The mobile gateway switching stations 3 are con- 
nected with each other, while each mobile gateway 
switching station 3 is also connected with a correspond- 
ing mobile local switching station (MLS) 4, and each 
mobile local switching station 4 is connected with a plu- 
rality of base stations (BS) 5. Each base station 5 pro- 
vides its own zone (communication supported area) 6 
and communicates with mobile stations located within 
its own zone 6. 

A mobile station can communicate with a sub- 
scriber terminal on the public network 1 via the base 
station 5 associated with the zone 6 in which this mobile 
terminal is currently located, the mobile local switching 
station 4 connected with that base station 5, and the 
mobile gateway switching station 3 connected with that 
mobile local switching station 4. The entire service area 
of the mobile communication network 81 is covered by 
these zones 6 so that a mobile station can make a com- 
munication anywhere within the service area of the 
mobile communication network 81. 

Now, the mobile communication system has been 
developed around major cities and roads, and in Japan, 
the service area currently covers more than 30 % in 
area and more than 70 % in population. Yet, there are 
many thinly populated areas (called satellite zones) with 
light potential traffics which are not covered by the cur- 
rent service area but expected to be included in the 
service area in future. 

However, as should be apparent from the network 
configuration of the conventional mobile communication 
system shown in Fig. 1, an expansion of the service 
area in the conventional mobile communication system 
inevitably requires additional mobile gateway switching 
stations 3, mobile local switching stations 4, and base 
stations 5, and therefore it is quite ineconomical to try to 



It is therefore an object of the present invention to 
provide a service area expansion scheme for a mobile 
communication system, which is capable of efficiently 
10 connecting thinly populated areas (satellite zones) to a 
mobile communication network so as to expand the 
service area of the mobile communication system eco- 
nomically. 

According to one aspect of the present invention 
15 there is provided a method for expanding a service area 
of a mobile communication system, comprising the 
steps of: setting a plurality of additional base stations for 
providing additional zones which covers additional 
areas for expanding the service area, each additional 
base station having base station channel connection 
means for providing a connection with a public network; 
providing an additional mobile local switching station for 
connecting the additional base stations to a mobile 
communication network, the additional mobile local 
switching station having switching station channel con- 
nection means for providing a connection with the public 
network; and selectively connecting the additional base 
stations with the additional mobile local switching sta- 
tion through the public network by using the base sta- 
tion channel connection means and the switching 
station channel connection means. 

According to another aspect of the present inven- 
tion there is provided a mobile communication system, 
comprising: a mobile communication network; a plural- 
ity of base stations for providing zones covering a serv- 
ice area of the mobile communication system; and a 
plurality of mobile local switching stations for connecting 
said plurality of base stations with the mobile communi- 
cation network; wherein said plurality of base stations 
including a plurality of remote base stations, each 
remote base station having base station channel con- 
nection means for providing a connection with a public 
network; said plurality of mobile local switching stations 
including a remote mobile local switching station for 
connecting the remote base stations to the mobile com- 
munication network, the remote mobile local switching 
station having switching station channel connection 
means for providing a connection with the public net- 
work; and said plurality of remote base stations and the 
remote mobile local switching station being selectively 
connected through the public network by using the base 
station channel connection means and the switching 
station channel connection means. 

According to another aspect of the present inven- 
tion there is provided a method for expanding a service 
area of a mobile communication system, comprising the 
steps of: setting a plurality of additional base stations for 
providing additional zones which covers additional 
areas for expanding the service area, each additional 
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base station having base station satellite connection 
means for providing a connection with a satellite; provid- 
ing an additional mobile local switching station for con- 
necting the additional base stations to a mobile 
communication network, the additional mobile local 
switching station having switching station satellite con- 
nection means for providing a connection with the satel- 
lite; and selectively connecting the additional base 
stations with the additional mobile local switching sta- 
tion through the satellite by using the base station satel- 
lite connection means and the switching station satellite 
connection means. 

According to another aspect of the present inven- 
tion there is provided a mobile communication system, 
comprising: a mobile communication network; a plural- 
ity of base stations for providing zones covering a serv- 
ice area of the mobile communication system; and a 
plurality of mobile local switching stations for connecting 
said plurality of base stations with the mobile communi- 
cation network; wherein said plurality of base stations 
including a plurality of satellite base stations, each sat- 
ellite base station having base station satellite connec- 
tion means for providing a connection with a satellite; 
said plurality of mobile local switching stations including 
a satellite mobile local switching station for connecting 
the satellite base stations to the mobile communication 
network, the satellite mobile local switching station hav- 
ing switching station satellite connection means for pro- 
viding a connection with the satellite; and said plurality 
of satellite base stations and the satellite mobile local 
switching station being selectively connected through 
the satellite by using the base station satellite connec- 
tion means and the switching station satellite connec- 
tion means. 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE PRAWINQS 

Fig. 1 is a block diagram of a network configuration 
of a conventional mobile communication system. 

Fig. 2 is a block diagram of a network configuration 
of a mobile communication system in the first embodi- 
ment of the present invention. 

Fig. 3 is a block diagram of a remote mobile local 
switching station in the mobile communication system 
of Fig. 2. 

Fig. 4 is a block diagram of a remote base station in 
the mobile communication system of Fig. 2. 

Fig. 5 is a sequence chart for a transmission 
sequence in the mobile communication system of Fig. 

2. 

Fig. 6 is a sequence chart for a reception sequence 
in the mobile communication system of Fig. 2. 

Fig. 7 is a sequence chart for a call termination 
sequence initiated from a network side in the mobile 
communication system of Fig. 2. 



Fig. 8 is a sequence chart for a call termination 
sequence initiated from a mobile station side in the 
mobile communication system of Fig. 2. 

Fig. 9 is a block diagram of a network configuration 
5 of a mobile communication system in the second 
embodiment of the present invention. 

Fig. 10 is a block diagram of a satellite mobile local 
switching station in the mobile communication system 
of Fig. 9. 

10 Fig. 11 is a block diagram of a satellite base station 
in the mobile communication system of Fig. 9. 

Fig. 12 is a sequence chart for a transmission 
sequence in the mobile communication system of Fig. 
9. 

75 Fig. 13 is a sequence chart for a reception 
sequence in the mobile communication system of Fig. 
9. 

Fig. 14 is a sequence chart for a call termination 
sequence initiated from a network side in the mobile 
20 communication system of Fig. 9. 

Fig. 15 is a sequence chart for a call termination 
sequence initiated from a mobile station side in the 
mobile communication system of Fig. 9. 

25 DETAILED DESCRIPTION QF THE PREFERRED 
EMBODIMENT? 

Referring now to Fig. 2 to Fig. 8, the first embodi- 
ment of the service area expansion scheme for a mobile 

30 communication system according to the present inven- 
tion will be described in detail. 

Fig. 2 shows a network configuration of the mobile 
communication system in this first embodiment, where 
those elements which are substantially equivalent to 

35 the corresponding elements in the conventional config- 
uration of Fig. 1 described above are given the same 
reference numerals. 

In the network configuration of Fig. 2, a mobile com- 
munication network (MCN) 80 is connected with a fix- 

40 edly provided public network 1 through a number of 
points of interface (POI) 2 at a number of mobile gate- 
way switching stations (MGS) 3. The mobile gateway 
switching stations 3 are connected with each other, 
while each mobile gateway switching station 3 but one is 

45 also connected with a corresponding mobile local 
switching station (MLS) 4, and each mobile local switch- 
ing station 4 is connected with a plurality of base sta- 
tions (BS) 5. Each base station 5 provides its own zone 
(communication supported area) 6 and communicates 

so with mobile stations located within its own zone 6. 

in addition, one mobile gateway switching station 3 
is connected with a remote mobile local switching sta- 
tion (RMLS) 7 for satellite zones, which is connected 
with remote base stations (RBS) 8 for satellite zones 

55 through a public network 10. Each remote base station 
8 covers its own satellite zone 9 for providing the mobile 
communication service in a thinly populated area with a 
light potential traffic. 

Each remote base station 8 can be connected with 
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a communication terminal on the public network 1 by 
being connected to the remote mobile local switching 
station 7 through the public network 10, and further to 
the public network 1 from this remote mobile local 
switching station 7 through the mobile gateway switch- 5 
ing station 3. Each remote base station 8 can also be 
connected with the base station 5 by being connected to 
the remote mobile local switching station 7 though the 
public network 1 0. and further to the base station 5 from 
this remote mobile local switching station 7 through the w 
mobile gateway switching stations 3 and the mobile 
local switching station 4. 

The public network 10 is used for connecting the 
remote base station 8 to the remote mobile local switch- 
ing station 7 whenever necessary, and can be provided 15 
by a network such as ISDN (Integrated Services Digital 
Netowrk) or analog telephone network. In this first 
embodiment, a case of using the ISDN as the public 
network 10 will be described as an example. 

In the following, for the sake of explanation, it is 20 
assumed that there are three remote base stations 8 as 
shown in Fig. 2, and a single digital primary rate inter- 
face (corresponding to 24 sets of 64 kbps transmission 
channel) per base station is provided as an interface 
between the mobile local switching station 4 and the 2s 
base station 5 as well as an interface between the 
remote mobile local switching station 7 and the remote 
base station 8, where one 64 kbps channel is used as a 
control channel while as many as a necessary number 
of the remaining channels are used as communication 30 
channels. Here, the control channel uses the packet 
transmission such as LAP-B (Link Access Procedure- 
Balanced mode), and the control channel utilization rate 
of the remote base station 8 for the satellite zone with a 
light traffic is usually very low. 35 

The remote mobile local switching station 7 in the 
' mobile communication system of Fig. 2 has a detailed 
configuration as shown in Fig. 3, which generally com- 
prises a mobile local switching station (MLS) 4 similar to 
the other usual mobile local switching stations and a 40 
switching station ISDN adaptor 1 1. In Fig. 3, the public 
network 10 is provided in a form of ISDN as mentioned 
above. Also, an interface 12 between the mobile local 
switching station 4 and the switching station ISDN adap- 
tor 1 1 is provided in a form of three channels of the dig- 45 
ital primary rate interface, in correspondence to three 
remote base stations 8 to be connected through the 
ISDN 10, as mentioned above. 

The switching station ISDN adaptor 1 1 comprises a 
channel multiplexing/demultiplexing switch unit 13, a so 
common control unit 14, and a plurality (five in Fig. 3) of 
digital service units (DSU) 15-1 to 15-5. 

The channel multiplexing/demultiplexing switch unit 
13 has a function to connect three control channels in 
the three channels of the digital primary rate interface ss 
provided by the interface 12 to the common control unit 
14, and remaining communication channels to the 
DSUs 15-1 to 15-5 according to a command from the 
common control unit 14. The DSUS 15-1 to 15-5 have a 



function to connect the remote mobile local switching 
station 7 to the remote base stations 8 through the ISDN 
10. 

Here, Fig. 3 is an exemplary case of five DSUs 15- 
1 to 15-5 using five channels of INSnet64. As indicated 
in Fig. 3, each INSnet64 channel has an ability to trans- 
mit two B-channels (64 kbps) and one D-channel (16 
kbps). Among the DSUs 15-1 to 15-5, three DSU-1 to 
DSU-3 (15-1 to 15-3) are to be exclusively used for the 
respective three remote base stations 8, while the other 
two DSU-4 and DSU-5 (15-4 and 15-5) are to be used 
to allocate additional channels according to the traffic. 
In other words, a destination address of a station to be 
connected by each of DSU-1 to DSU-3 (15-1 to 15-3) is 
fixedly allocated, while a destination address of a sta- 
tion to be connected by each of DSU-4 and DSU-5 (15- 
4 and 15-5) is dynamically specified by the common 
control unit 14 as will be described below. 

The common control unit 14 has functions to 
anaylze control data of three control channels and man- 
age the operation sequence, to control and manage the 
DSUs 15-1 to 15-5, and to manage the remote base sta- 
tions 8. This common control unit 14 carries out the 
communication channel connection control according to 
the control data of the control channels. In this configu- 
ration, the control data of three control channels are 
loaded in packets of D-channels accommodated by the 
respective DSU-1 to DSU-3 (15-1 to 15-3) and fixedly 
connected with the corresponding remote base stations 
8. The signal rate of the D-channel is 16 kbps, which is 
1/4 of 64 kbps of the control channel, but an amount of 
the control data to be given to the remote base station 8 
for the satellite zone with a light traffic is sufficiently 
small for handling by the D-channel packets. 

On the other hand, the remote base station 8 in the 
mobile communication system of Fig. 2 has a detailed 
configuration as shown in Fig. 4, which generally com- 
prises a base station (BS) 5 similar to the other usual 
base stations 5 and a base station ISDN adaptor 16. In 
Fig. 4, the public network 10 is provided in a form of 
ISDN, as mentioned above. Also, an interface between 
the base station 5 and the base station ISDN adaptor 16 
is provided in a form of a single channel of the digital pri- 
mary rate interface, as mentioned above. 

The base station ISDN adaptor 16 comprises a 
channel multiplexing/demultiplexing switch unit 17, a 
common control unit 18, and a plurality (two in Fig. 4) of 
digital service units (DSU) 19-1 to 19-2. 

The channel multiplexing/demultiplexing switch unit 
1 7 has a function to connect a control channel in the sin- 
gle channel of the digital primary rate interface to the 
common control unit 18, and remaining communication 
channels to the DSUs 19-1 to 19-2 according to a com- 
mand from the common control unit 18. The DSUS 19- 
1 to 19-2 have a function to connect the remote base 
station 8 to the remote mobile local switching 1 station 7 
through the ISDN 10. 

Here, Fig. 4 is an exemplary case of two DSUs 19- 
1 to 19-2 using two channels of INSnet64. Among the 
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DSUs 19-1 to 19-2, the DSU-1 (19-1) is to be connected 
with the fixedly allocated part of the DSUs 15-1 to 15-5 
of the remote mobile local switching station 7 (i.e., one 
of DSU-1 to DSU-3 (15-1 to 15-3)), while the other DSU- 
2 (19-2) is to be connected with the traffic dependent 5 
part of the DSUs 1 5-1 to 1 5-5 of the remote mobile local 
switching station 7 (i.e., any of DSU-4 and DSU-5 (15-4 
and 15-5)). 

The common control unit 18 has functions to 
anaylze control data of the control channel and manage 
the operation sequence, and to control and manage the 
DSUs 19-1 to 19-2. This common control unit 18 carries 
out the communication channel connection control 
according to the control data of the control channel. In 
this configuration, the control data of the control channel 
is loaded in packets of D-channel accommodated by the 
DSU-1 (19-1) and fixedly connected with the corre- 
sponding DSU of the remote mobile local switching sta- 
tion 7. 

Next, the operations of the remote mobile local 
switching station 7 and the remote base station 8 in the 
mobile communication system of Fig. 2 will be 
described with references to the sequence charts of 
Fig. 5 to Fig. 8. Note that the operations of the other ele- 
ments in the mobile communication system of Fig. 2 are 
substantially equivalent as those in the conventional 
mobile communication system of Fig. 1. 

First, the transmission sequence is carried out 
according to the sequence chart of Fig. 5 as follows. 

When a "transmission request" is issued from a 
mobile station, this "transmission request" is admitted at 
the mobile local switching station 4 of the remote mobile 
local switching station 7 through the base station 5 and 
the base station ISDN adaptor 16 of the remote base 
station 8, the ISDN 10, and the switching station ISDN 
adaptor 1 1 of the remote mobile local switching station 
7. 

Then, the mobile local switching station 4 returns a 
"transmission admission" to the mobile station via the 
same route in the opposite direction, and returns a 
"communication channel activation" for activating com- 
munication channels to the switching station ISDN 
adaptor 11. 

When this "communication channel activation" is 
received, the switching station ISDN adaptor 11 acti- 
vates an appropriate DSU to connect the B-channel to a 
specified remote base station 8, and connects this B- 
channel with a specified communication channel of the 
digital primary rate interface. Then, the switching station 
ISDN adaptor 1 1 relays the "communication channel 
activation" received from the mobile local switching sta- 
tion 4 to the remote base station 8 side. 

At the remote base station 8 side, the base station 
ISDN adaptor 16 receives this "communication channel 
activation", and determines a connection between the 
B-channel connected upon receiving the "communica- 
tion channel activation" and the digital primary rate 
interface. The base station 5 then activates a specified 
communication channel according to the received 



"communication channel activation" (carrier on). 

Thereafter, the transmission sequence continues to 
carry out the operations similar to the usual transmis- 
sion sequence, including a sending of an "activation 
confirmation" from the base station 5 to the mobile local 
switching station 4, a sending of a "channel designa- 
tion" from the mobile local switching station 4 to the 
mobile station, a sending of a "connection completion" 
from the mobile station to the mobile local switching sta- 
tion 4, a sending of an "activation completion" from the 
base station 5 to the mobile local switching station 4, a 
sending of a "calling" from the mobile local switching 
statation 4 to the mobile station, and a sending of a 
"response" from the mobile local switching station 4 to 
the mobile station, so as to put the mobile station in 
communication through the remote base station 8, the 
ISDN 10, and the remote mobile local switching station 
7. 

Next, the reception sequence is carried out accord- 
ing to the sequence chart of Fig. 6 as follows. 

When a "reception signal" is transmitted from the 
remote mobile local switching station 7 to the mobile 
station through the ISDN 10 and the remote base sta- 
tion 8, the mobile station issues a "reception response" 
with respect to the "reception signal", and this "recep- 
tion response" is returned to the remote mobile local 
switching station 7 through the remote base station 8 
and the ISDN 10. 

When this "reception response" is received, the 
mobile local switching station 4 of the remote mobile 
local switching station 7 returns a "communication 
channel activation" for activating communication chan- 
nels to the switching station ISDN adaptor 1 1 . 

When this "communication channel activation" is 
received, the switching station ISDN adaptor 11 acti- 
vates an appropriate DSU to connect the B-channel to a 
specified remote base station 8, and connects this B- 
channel with a specif ied communication channel of the 
digital primary rate interface. Then, the switching station 
ISDN adaptor 1 1 relays the "communication channel 
activation" received from the mobile local switching sta- 
tion 4 to the remote base station 8 side. 

At the remote base station 8 side, the base station 
ISDN adaptor 16 receives this "communication channel 
activation", and determines a connection between the 
B-channel connected upon receiving the "communica- 
tion channel activation" and the digital primary rate 
interlace. The base station 5 then activates a specified 
communication channel according to the received 
"communication channel activation" (carrier on). 

Thereafter, the reception sequence continues to 
carry out the operations similar to the usual reception 
sequence, including a sending of an "activation confir- 
mation" from the base station 5 to the mobile local 
switching station 4, a sending of a "channel designa- 
tion" from the mobile local switching station 4 to the 
mobile station, a sending of a "connection completion" 
from the mobile station to the mobile local switching sta- 
tion 4, a sending of an "activation completion" from the 
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base station 5 to the mobile local switching station 4, a 
sending of a "call set up" from the mobile local switching 
station 4 to the mobile station, a sending of a "calling" 
from the mobile station to the mobile local switching sta- 
tion 4, and a sending of a "response" from the mobile 
station to the mobile local switching station 4, so as to 
put the mobile station in communication through the 
remote base station 8, the ISDN 10, and the remote 
mobile local switching station 7. 

Next, a call termination sequence initiated from the 
network side is carried out according to the sequence 
chart of Fig. 7 as follows. 

While the mobile station is in communication, when 
a "disconnection" for terminating a call processing oper- 
ation is transmitted from the mobile local switching sta- 
tion 4 of the remote mobile local switching station 7 to 
the mobile station through the ISDN 10 and the remote 
base station 8, the mobile station returns a "release" to 
the mobile local switching station 4 via the same route in 
the opposite direction, so as to disconnect the B-chan- 
nel. 

Then, the mobile local switching station 4 transmits 
a "release completion" to the mobile station through the 
ISDN 1 0 and the remote base station 8. 

Thereafter, the call termination sequence continues 
to carry out the operations similar to the usual call termi- 
nation sequence, including a sending of a "radio chan- 
nel disconnection" for releasing the mobile station from 
the mobile local switching station 4 to the mobile station, 
a sending of a "disconnection confirmation" from the 
mobile station to the mobile local switching station 4, a 
sending of an "recovery command" for releasing the 
base station 5 from the mobile local switching station 4 
to the base station 5, and a sending of a "recovery con- 
firmation" from the base station 5 to the mobile local 
switching station 4. 

Here, the only difference from the usual call termi- 
nation sequence is that the switching station ISDN 
adaptor 11 releases a specified B-channel when the 
"release completion" is received from mobile local 
switching station 4. 

Next, a call termination sequence initiated from the 
mobile station side is carried out according to the 
sequence chart of Fig. 8 as follows. 

While the mobile station is in communication, when 
a "disconnection" for terminating a call processing oper- 
ation is transmitted from the mobile station to the mobile 
local switching station 4 of the remote mobile local 
switching station 7 through the ISDN 10 and the remote 
base station 8, the mobile local switching station 4 
returns a "release" to the mobile station via the same 
route in the opposite direction, so as to disconnect the 
B-channel. 

Then, the mobile station transmits a "release com- 
pletion" to the mobile local switching station 4 through 
the ISDN 10 and the remote base station 8. 

Thereafter, the call termination sequence continues 
to carry out the operations similar to the usual call termi- 
nation sequence, including a sending of a "radio chan- 



nel disconnection" for releasing the mobile station from 
the mobile local switching station 4 to the mobile station, 
a sending of a "disconnection confirmation" from the 
mobile station to the mobile local switching station 4, a 

5 sending of an "recovery command" for releasing the 
base station 5 from the mobile local switching station 4 
to the base station 5, and a sending of a "recovery con- 
firmation" from the base station 5 to the mobile local 
switching station 4. 

10 Here, the only difference from the usual call termi- 
nation sequence is that the switching station ISDN 
adaptor 11 releases a specified B-channel when the 
"release completion" is received from mobile station. 
As described, according to this first embodiment, 

15 the remote base station and the remote mobile local 
switching station are capable of being connected to the 
communication network such as ISDN by means of the 
respective digital service units, and the remote base 
station and the remote mobile local switching station 

20 can be connected with each other through the commu- 
nication network such as ISDN only when it is neces- 
sary to connect the remote base station to the mobile 
communication network. 

Consequently, the thinly populated satellite zones 

25 which are scattered at various regions can be accom- 
modated in a single remote mobile local switching sta- 
tion, and therefore a cost required for additional 
switching stations and land transmission paths at a time 
of service area expansion can be reduced considerably. 

30 Also, the communication channel for connecting the 
remote base station and the remote mobile local switch- 
ing station is to be set up according to the need, so that 
it is possible to reduce a cost for the transmission path 
further. 

35 In addition, it suffices to provide the digital service 
units in the remote base station and the remote mobile 
local switching station, and the conventional interface 
between the base station and the mobile local switching 
station can be easily modified to add the functions of the 

40 digital service units at interface sections without any 
fundamental changes, so that there is no need to 
develop totally new base station and mobile local 
switching station for the satellite zones. 

It is to be noted that, in the first embodiment 

45 described above, the public network 1 and the public 
network 10 shown in Fig. 2 may be provided by the 
same network, rf desired. 

Referring now to Fig. 9 to Fig. 15, the second 
embodiment of the service area expansion scheme for 

so a mobile communication system according to the 
present invention will be described in detail. 

Fig. 9 shows a network configuration of the mobile 
communication system in this second embodiment, 
where those elements which are substantially equilva- 

55 lent to the corresponding elements in the conventional 
configuration of Fig. 1 described above are given the 
same reference numerals. 

In the network configuration of Fig. 9, a mobile com- 
munication network (MCN) 90 is connected with a fix- 
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edly provided public network 1 through a number of 
points of interface (POI) 2 at a number of mobile gate- 
way switching stations (MQS) 3. The mobile gateway 
switching stations 3 are connected with each other, 
while each mobile gateway switching station 3 but one is 5 
also connected with a corresponding mobile local 
switching station (MLS) 4, and each mobile local switch- 
ing station 4 is connected with a plurality of base sta- 
tions (BS) 5. Each base station 5 provides its own zone 
(communication supported area) 6 and communicates w 
with mobile stations located within its own zone 6. 

In addition, one mobile gateway switching station 3 
is connected with a satellite mobile local switching sta- 
tion (SMLS) 27 for satellite zones, which is connected 
with satellite base stations (SBS) 29 for satellite zones 75 
through a satellite 28. Each satellite base station 29 
covers its own satellite zone 30 for providing the mobile 
communication service in a thinly populated area with a 
light potential traffic. 

Each satellite base station 29 can be connected 20 
with a communication terminal on the public network 1 
by being connected to the satellite mobile local switch- 
ing station 27 through the satellite 28, and further to the 
public network 1 from this satellite mobile local switch- 
ing station 27 through the mobile gateway switching sta- 2s 
tion 3. Each remote base station 8 can also be 
connected with the base station 5 by being connected to 
the satellite mobile local switching station 27 through 
the satellite 28, and further to the base station 5 from 
this satellite mobile local switching station 27 through 30 
the mobile gateway switching stations 3 and the mobile 
local switching station 4. 

In the following, for the sake of explanation, it is 
assumed that there are three satellite base stations 29 
as shown in Fig. 9, and a single digital primary rate 35 
interface (corresponding to 24 sets of 64 kbps transmis- 
sion channel) per base station is provided as an inter- 
face between the mobile local switching station 4 and 
the base station 5 as well as an interface between the 
satellite mobile local switching station 27 and the satel- 40 
lite base station 29, where one 64 kbps channel is used 
as a control channel while as many as a necessary 
number of the remaining channels are used as commu- 
nication channels. 

The satellite mobile local switching station 27 in the as 
mobile communication system of Fig. 9 has a detailed 
configuration as shown in Fig. 10, which generally com- 
prises a mobile local switching station (MLS) 4 similar to 
the other usual mobile local switching stations and a 
satellite relay base station 41 . In Fig. 1 0, an interface 49 so 
between the mobile local switching station 4 and the 
satellite relay base station 41 is provided in a form of 
three channels of the digital primary rate interface, in 
correspondence to three satellite base stations 29 to be 
connected through the satellite 28, as mentioned above, ss 

The satellite relay base station 41 comprises a 
channel multiplexing/demultiplexing switch unit 42, a 
plurality of communication channel modem units 43-1 to 
43-n, thee control channel modem units 44-1 to 44-3 in 



correspondence to three satellite base stations 29, a 
demand assign control unit 45, an assembling/disas- 
sembling unit 46, and RF unit 47, and an antenna unit 
48. 

The channel multiplexing/demultiplexing switch unit 
42 has a function to connect three control channels in 
the three channels of the digital primary rate interface 
provided by the interface 49 to the demand assign con- 
trol unit 45, and remaining communication channels to 
the communication channel modem units 43-1 to 43-n 
according to a command from the demand assign con- 
trol unit 45. 

The demand assign control unit 45 has functions to 
anaylze control data of three control channels and man- 
age the operation sequence, to control and manage the 
communication channel modem units 43-1 to 43-n, and 
to manage the satellite base stations 29. This demand 
assign control unit 45 carries out the satellite channel 
assignment in a manner of demand assign according to 
the control data of the control channels. Here, the satel- 
lite channels for three control channels are set up in a 
manner of pre-assign by three control channel modem 
units 44-1 to 44-3. 

The assembling/disassembling unit 46 assembis 
output signals in forms of mutually different carriers 
from the communication channel modem units 43-1 to 
43-n and the control channel modem units 44-1 to 44-3 
and supplies the assembled signal to the RF unit 47, 
and disassembles a signal from the RF unit 47 into dif- 
ferent carrier frequency components and supplies the 
disassembled carrier frequency components to the 
communication channel modem units 43-1 to 43-n and 
the control channel modem units 44-1 to 44-3. 

The transmission signals from the RF unit 47 are 
transmitted from the antenna unit 48 to the satellite 28, 
while the reception signals from the satellite 28 are 
received by the antenna unit 48 and supplied to the RF 
unit 47. 

On the other hand, the satellite base station 29 in 
the mobile communication system of Fig. 9 has a 
detailed configuration as shown in Fig. 1 1 , which gener- 
ally comprises a base station (BS) 5 similar to the other 
usual base stations 5 and a satellite relay terminal sta- 
tion 50. In Fig. 1 1 , an interface between the base station 
5 and the satellite relay terminal station 50 is provided in 
a form of a single channel of the digital primary rate 
interface, as mentioned above. 

The satellite relay terminal station 50 comprises an 
antenna unit 51, an RF unit 52, an assembling/disas- 
sembling unit 53, a plurality (three in Fig. 1 1) of commu- 
nication channel modem units 54-1 to 54-3, a control 
channel modem unit 55, a channel multiplexing/demulti- 
plexing switch unit 56, and a demand assign control unit 
57. This Fig. 1 1 shows an exemplary case in which the 
base staiton 5 can use three communication channels. 

The demand assign control unit 57 has functions to 
anaylze control data of the control channel handled by 
the control channel modem unit 55 and manage the 
operation sequence, and to control and manage the 
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communication channel modem units 54-1 to 54-3. This 
demand assign control unit 57 carries out the satellite 
channel set up and release in a manner of demand 
assign according to the control data of the control chan- 
nel. 

The channel multiplexing/demultiplexing switch unit 
56 has a function to connect the control channel in the 
single channel of the digital primary rate interface to the 
demand assign control unit 57, and remaining commu- 
nication channels to ~ the communication channel 
modem units 54-1 to 54-3 according to a command from 
the demand assign control unit 57. 

The assembling/disassembling unit 53 assembls 
output signals in forms of mutually different carriers 
from the communication channel modem units 54-1 to 
54-3 and the control channel modem unit 55 and sup- 
plies the assembled signal to the RF unit 52, and disas- 
sembles a signal from the RF unit 52 into different 
carrier frequency components and supplies the disas- 
sembled carrier frequency components to the communi- 
cation channel modem units 54-1 to 54-3 and the 
control channel modem unit 55. 

The transmission signals from the RF unit 52 are 
transmitted from the antenna unit 51 to the satellite 28, 
while the reception signals from the satellite 28 are 
received by the antenna unit 51 and supplied to the RF 
unit 52. 

Next, the operations of the satellite mobile local 
switching station 27 and the satellite base station 29 in 
the mobile communication system of Fig. 9 will be 
described with references to the sequence charts of 
Fig. 12 to Fig. 15. Note that the operations of the other 
elements in the mobile communication system of Fig. 9 
are substantially equivalent as those in the conventional 
mobile communication system of Fig. 1 . In the following, 
the control signals between the satellite relay base sta- 
tion 41 and the satellite relay terminal station 50 are 
relayed by the pre-assigned control channel modem 
units 44-1 to 44-3 and 55 as described above. 

First, the transmission sequence is carried out 
according to the sequence chart of Fig. 12 as follows. 

When a "transmission request" is issued from a 
mobile station, this "transmission request" is notified to 
the mobile local switching station 4 of the satellite 
mobile local switching station 27 through the satellite 
base station 29, the satellite 28 (control channel), and 
the satellite relay base station 41 of the satellite mobile 
local switching station 27. 

Then, tie mobile local switching station 4 returns a 
"transmission admission" to the mobile station via the 
same route in the opposite direction, and returns a 
"communication channel activation" for activating com- 
munication channels to the satellite relay base station 
41. 

When this "communication channel activation" is 
received, the satellite relay base station 41 determines 
an available frequency in the satellite channel and acti- 
vates the corresponding communication channel 
modem unit 43 (a specific one of the communication 



channel modem units 43-1 to 43-n)(carrier on), and 
then connects the activated communication channel 
modem unit 43 with a specified communication channel 
of the digital primary rate interface which is connected 

5 with the channel multiplexing/demultiplexing unit 42, 
and transmits the corresponding frequency data by a 
"satellite channel designation" to the corresponding sat- 
ellite relay terminal station 50. 

The satellite relay terminal station 50 then activates 

10 the communication channel modem unit 54 usable in 
the specified frequency (carrier on, reception synchroni- 
zation establishing), and when the activation of this 
communication channel modem unit 54 is completed, 
returns a "connection completion" to the satellite relay 

15 base station 41. 

When this "connection completion" is received, the 
satellite relay base station 41 confirms the synchroniza- 
tion establishing at the communication channel modem 
unit 43, and relays the "communication channel activa- 
te tion" received from the mobile local switching station 4 
to the satellite base station 29 side. 

At the satellite base station 29 side, the satellite 
relay terminal station 50 receives this "communication 
channel activation", and determines a connection 

25 between the communication channel modem unit 54 
and the digital primary rate interface. The base station 5 
then activates a specified communication channel 
according to the received "communication channel acti- 
vation" (carrier on). 

30 Thereafter, the transmission sequence continues to 
carry out the operations similar to the usual transmis- 
sion sequence, including a sending of an "activation 
confirmation" from the base station 5 to the mobile local 
switching station 4, a sending of a "channel destgna- 

35 tion" from the mobile local switching station 4 to the 
mobile station, a sending of a "connection completion" 
from the mobile station to the mobile local switching sta- 
tion 4, a sending of an "activation completion" from the 
base station 5 to the mobile local switching station 4, a 

40 sending of a "calling" from the mobile local switching 
station 4 to the mobile station, and a sending of a 
"response" from the mobile local switching station 4 to 
the mobile station, so as to put the mobile station in 
communication through the satellite base station 29, the 

45 satellite 28, and the satellite mobile local switching sta- 
tion 27. 

Next, the reception sequence is carried out accord- 
ing to the sequence chart of Fig. 13 as follows. 

When a "reception signal" is transmitted from the 
so satellite mobile local switching station 27 to the mobile 
station through the satellite 28 and the satellite base 
station 29, the mobile station issues a "reception 
response" with respect to the "reception signal", and 
this "reception response" is returned to the satellite 
55 mobile local switching station 27 through the satellite 
base station 29 and the satellite 28. 

When this "reception response" is received, the 
mobile local switching station 4 of the satellite mobile 
local switching station 27 returns a "communication 
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channel activation" for activating communication chan- 
nels to the satellite relay base station 41 . 

When this "communication channel activation" is 
received, the satellite relay base station 41 determines 
an available frequency in the satellite channel and acti- 
vates the corresponding communication channel 
modem unit 43 (a specific one of the communication 
channel modem units 43-1 to 43-n)(carrier on), and 
then connects the activated communication channel 
modem unit 43 with a specified communication channel 
of the digital primary rate interface which is connected 
with the channel multiplexing/demultiplexing unit 42, 
and transmits the corresponding frequency data by a 
"satellite channel designation" to the corresponding sat- 
ellite relay terminal station 50. 

The satellite relay terminal station 50 then activates 
the communication channel modem unit 54 usable in 
the specified frequency (carrier on, reception synchroni- 
zation establishing), and when the activation of this 
communication channel modem unit 54 is completed, 
returns a "connection completion" to the satellite relay 
base station 41. 

When this "connection completion" is received, the 
satellite relay base station 41 confirms the synchroniza- 
tion establishing at the communication channel modem 
unit 43, and relays the "communication channel activa- 
tion" received from the mobile local switching station 4 
to the satellite base station 29 side. 

At the satellite base station 29 side, the satellite 
relay terminal station 50 receives this "communication 
channel activation", and determines a connection 
between the communication channel modem unit 54 
and the digital primary rate interface. The base station 5 
then activates a specified communication channel 
according to the received "communication channel acti- 
vation" (carrier on). 

Thereafter, the reception sequence continues to 
carry out the operations similar to the usual reception 
sequence, including a sending of an "activation confir- 
mation" from the base station 5 to the mobile local 
switching station 4, a sending of a "channel designa- 
tion" from the mobile local switching station 4 to the 
mobile station, a sending of a "connection completion" 
from the mobile station to the mobile local switching sta- 
tion 4, a sending of an "activation completion" from the 
base station 5 to the mobile local switching station 4, a 
sending of a "call set up" from the mobile local switching 
station 4 to the mobile station, a sending of a "calling" 
from the mobile station to the mobile local switching sta- 
tion 4, and a sending of a "response" from the mobile 
station to the mobile local switching station 4, so as to 
put the mobile station in communication through the sat- 
ellite base station 29, the satellite 28, and the satellite 
mobile local switching station 27. 

Next, a call termination sequence initiated from the 
network side is carried out according to the sequence 
chart of Fig. 14 as follows. 

While the mobile station is in communication, when 
a "disconnection" for terminating a call processing oper- 



ation is transmitted from the mobile local switching sta- 
tion 4 of the satellite mobile local switching station 27 to 
the mobile station through the satellite 28 and the satel- 
lite base station 29, the mobile station returns a 

5 "release" to the mobile local switching station 4 via the 
same route in the opposite direction. 

Then, the mobile local switching station 4 transmits 
a "release completion" to the mobile station through the 
satellite 28 and the satellite base station 29. 

io Thereafter, the call termination sequence continues 
to carry out the operations similar to the usual call termi- 
nation sequence, including a sending of a "radio chan- 
nel disconnection" for releasing the mobile station from 
the mobile local switching station 4 to the mobile station, 

is a sending of a "disconnection confirmation" from the 
mobile station to the mobile local switching station 4, a 
sending of an "recovery command" for releasing the 
base station 5 from the mobile local switching station 4 
to the base station 5, and a sending of a "recovery con- 

20 firmation" from the base station 5 to the mobile local 
switching station 4. 

Here, the only difference from the usual call termi- 
nation sequence is that, when the "release completion" 
is received from the mobile local switching station 4, the 

25 satellite relay base station 41 transmits a "satellite chan- 
nel disconnection" to the satellite relay terminal station 
50 in order to release a specified satellite channel and 
stops the operation of the corresponding communica- 
tion channel modem unit 43, and that, when this "satel- 

30 lite channel disconnection" is received", the satellite 
relay terminal station 50 stops the operation of the cor- 
responding communication channel modem unit 54, 
and returns a "disconnection confirmation" to the satel- 
lite relay base station 41. 

35 Next, a call termination sequence initiated from the 
mobile station side is earned out according to the 
sequence chart of Fig. 15 as follows. 

While the mobile station is in communication, when 
a "disconnection" for terminating a call processing oper- 

40 ation is transmitted from the mobile station to the mobile 
local switching station 4 of the satellite mobile local 
switching station 27 through the satellite 28 and the sat- 
ellite base station 29, the mobile local switching station 
4 returns a "release" to the mobile station via the same 

45 route in the opposite direction. 

Then, the mobile station transmits a "release com- 
pletion" to the mobile local switching station 4 through 
the satellite 28 and the satellite base station 29. 

Thereafter, the call termination sequence continues 

so to carry out the operations similar to the usual call termi- 
nation sequence, including a sending of a "radio chan- 
nel disconnection" for releasing the mobile station from 
the mobile local switching station 4 to the mobile station, 
a sending of a "disconnection confirmation" from the 

55 mobile station to the mobile local switching station 4, a 
sending of an "recovery command" for releasing the 
base station 5 from the mobile local switching station 4 
to the base station 5, and a sending of a "recovery con- 
firmation" from the base station 5 to the mobile local 
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switching station 4. 

Here, the only difference from the usual call termi- 
nation sequence is that, when the "release completion" 
is received from the mobile local switching station 4, the 
satellite relay base station 41 transmits a "satellite chan- 
nel disconnection" to the satellite relay terminal station 
50 in order to release a specified satellite channel and 
stops the operation of the corresponding communica- 
tion channel modem unit 43, and that, when this "satel- 
lite channel disconnection" is received", the satellite 
relay terminal station 50 stops the operation of the cor- 
responding communication channel modem unit 54, 
and returns a "disconnection conf irmationMo the satel- 
lite relay base station 41 . 

As described, according to this second embodi- 
ment, because of the use of the satellite, the thinly pop- 
ulated satellite zones which are scattered at various 
regions can be accommodated in a single satellite 
mobile local switching station, and therefore a cost 
required for additional switching stations and land trans- 
mission paths at a time of service area expansion can 
be reduced considerably. 

Also, the satellite channel for connecting the satel- 
lite base station and the satellite mobile local switching 
station is to be set up in a manner of demand assign, so 
that it is possible to reduce a cost for the satellite trans- 
mission path. 

In addition, because the demand assign control is 
carried out according to the control data contained in 
the control channel between the satellite mobile local 
switching station and the satellite base station, it is pos- 
sible to utilize the conventional interface between the 
base station and the mobile local switching station with- 
out any fundamental changes, so that there is no need 
to develop totally new base station and mobile local 
switching station for the satellite zones. 

It is to be noted that, besides those already men- 
tioned above, many modifications and variations of the 
above embodiments may be made without departing 
from the novel and advantageous features of the 
present invention. Accordingly, all such modifications 
and variations are intended to be included within the 
scope of the appended claims. 

Claims 

1 . A method for expanding a service area of a mobile 
communication system, comprising the steps of: 

setting a plurality of additional base stations for 
providing additional zones which covers addi- 
tional areas for expanding the service area, 
each additional base station having base sta- 
tion channel connection means for providing a 
connection with a public network; 
providing an additional mobile local switching 
station for connecting the additional base sta- 
tions to a mobile communication network, the 
additional mobile local switching station having 



switching station channel connection means for 
providing a connection with the public network; 
and 

selectively connecting the additional base sta- 
5 tions with the additional mobile local switching 

station through the public network by using the 
base station channel connection means and 
the switching station channel connection 
means. 

10 

2. The method of claim 1 , wherein the additional areas 
are thinly populated areas with light potential traf- 
fics. 

15 3. The method of claim 1 , wherein the public network 
is one of an ISDN and an analog telephone net- 
work. 

4. The method of claim 1 , wherein the selectively con- 
20 necting step connects each additional base station 

with the additional mobile local switching station 
only when there is a need to connect a communica- 
tion of a mobile station located within an additional 
zone provided by said each additional base station 
25 to the mobile communication network. 

5. The method of claim 1, wherein each additional 
base station set by the setting step comprises a 
base station unit having functions of a usual base 

30 station of the mobile communication system, and a 
network adaptor including the base station channel 
connection means for connecting the base station 
unit with the public network. 

35 6. The method of claim 5, wherein the network adap- 
tor of each additional base station set by the setting 
step comprises the base station channel connec- 
tion means connected with the public network, a 
channel multiplexing/demultiplexing switch unit 

40 connected with the base station unit, and a com- 
mon control unit for controlling a connection 
between the base station channel connection 
means and the channel multiplexing/demultiplexing 
switch unit. 

45 

7. The method of claim 1, wherein the additional 
mobile local switching station provided by the pro- 
viding step comprises a mobile local switching sta- 
tion unit having functions of a usual mobile local 

so switching station of the mobile communication sys- 
tem, and a network adaptor including the switching 
station channel connection means for connecting 
the mobile local witching station unit with the pub- 
lic network. 

55 

8. The method of claim 7, wherein the network adap- 
tor of the additional mobile local switching station 
provided by the providing step comprises the 
switching station channel connection means con- 
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nected with the public network, a channel multiplex- 
ing/demultiplexing switch unit connected with the 
mobile local switching station unit and a common 
control unit for controlling a connection between the 
switching station channel connection means and s 
the channel multiplexing/demultiplexing switch unit. 

9. A mobile communication system, comprising: 

a mobile communication network; io 
a plurality of base stations for providing zones 
covering a service area of the mobile communi- 
cation system; and 

a plurality of mobile local switching stations for 
connecting said plurality of base stations with is 
the mobile communication network; 
wherein said plurality of base stations including 
a plurality of remote base stations, each 
remote base station having base station chan- 
nel connection means for providing a connec- 20 
tion with a public network; 
said plurality of mobile local switching stations 
including a remote mobile local switching sta- 
tion for connecting the remote base stations to 
the mobile communication network, the remote 25 
mobile local switching station having switching 
station channel connection means for providing 
a connection with the public network; and 
said plurality of remote base stations and the 
remote mobile local switching station being 30 
selectively connected through the public net- 
work by using the base station channel con- 
nection means and the switching station 
channel connection means. 

35 

10. The system of claim 9, wherein the remote base 
stations are set at thinly populated areas with light 
potential traffics. 

11. The system of claim 9, wherein the public network 40 
is one of an ISDN and an analog telephone net- 
work. 

12. The system of claim 9, wherein each remote base 
station and the remote mobile local switching sta- 45 
tion are selectively connected only when there is a 
need to connect a communication of a mobile sta- 
tion located within a zone provided by said each 
remote base station to the mobile communication 
network. so 

13. The system of claim 9, wherein each remote base 
station comprises a base station unit having func- 
tions of a usual base station of the mobile commu- 
nication system, and a network adaptor including ss 
the base station channel connection means for con- 
necting the base station unit with the public net- 
work 



14. The system of claim 13, wherein the network adap- 
tor of each remote base station comprises the base 
station channel connection means connected with 
the public network, a channel multiplexing/demulti- 
plexing switch unit connected with the base station 
unit, and a common control unit for controlling a 
connection between the base station channel con- 
nection means and the channel multiplexing/demul- 
tiplexing switch unit. 

15. The system of claim 9, wherein the remote mobile 
local switching station comprises a mobile local 
switching station unit having functions of a usual 
mobile local switching station of the mobile commu- 
nication system, and a network adaptor including 
the switching station channel connection means for 
connecting the mobile local switching station unit 
with the public network. 

16. The system of claim 15, wherein the network adap- 
tor of the remote mobile local switching station 
comprises the switching station channel connection 
means connected with the public network, a chan- 
nel multiplexing/demultiplexing switch unit con- 
nected with the mobile local switching station unit, 
and a common control unit for controlling a connec- 
tion between the switching station channel connec- 
tion means and the channel 
multiplexing/demultiplexing switch unit. 

17. A method for expanding a service area of a mobile 
communication system, comprising the steps of: 

setting a plurality of additional base stations for 
providing additional zones which covers addi- 
tional areas for expanding the service area, 
each additional base station having base sta- 
tion satellite connection means for providing a 
connection with a satellite; 
providing an additional mobile local switching 
station for connecting the additional base sta- 
tions to a mobile communication network, the 
additional mobile local switching station having 
switching station satellite connection means for 
providing a connection with the satellite; and 
selectively connecting the additional base sta- 
tions with the additional mobile local switching 
station through the satellite by using the base 
station satellite connection means and the 
switching station satellite connection means. 

18. The method of claim 17, wherein the additional 
areas are thinly populated areas with light potential 
traffics. 

19. The method of claim 17, wherein the selectively 
connecting step transmits control data between 
each additional base station and the additional 
mobile local switching station through a specific 
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satellite channel which is fixedly used as a control 
channel, and connects each additional base station 
with the additional mobile local switching station by 
using satellite channels set up by a demand assign 
control according to the control data in the control 
channel. 

20. The method of claim 17, wherein each additional 
base station set by the setting step comprises a 
base station unit having functions of a usual base 
station of the mobile communication system, and a 
satellite relay station unit including the base station 
satellite connection means for connecting the base 
station unit with the satellite. 

21. The method of claim 20, wherein the satellite relay 
station unit of each additional base station set by 
the setting step comprises the base station satellite 
connection means for providing a connection with 
the satellite, a channel multiplexing/demuStipIexing 
switch unit connected with the base station unit, 
and a demand assign control unit for controlling a 
connection between the base station satellite con- 
nection means and the channel multiplexing/demul- 
tiplexing switch unit. 

22. The method of claim 17, wherein the additional 
mobile local switching station provided by the pro- 
viding step comprises a mobile local switching sta- 
tion unit having functions of a usual mobile local 
switching station of the mobile communication sys- 
tem, and a satellite relay station unit including the 
switching station satellite connection means for 
connecting the mobile local switching station unit 
with the satellite. 

23. The method of claim 22, wherein the satellite relay 
station unit of the additional mobile local switching 
station provided by the providing step comprises 
the switching station satellite connection means for 
providing a connection with the satellite, a channel 
multiplexing/demultiplexing switch unit connected 
with the mobile local switching station unit, and a 
demand assign control unit for controlling a connec- 
tion between the switching station satellite connec- 
tion means and the channel 
multiplexing/demultiplexing switch unit. 

24. A mobile communication system, comprising: 

a mobile communication network; 
a plurality of base stations for providing zones 
covering a service area of the mobile communi- 
cation system; and 

a plurality of mobile local switching stations for 
connecting said plurality of base stations with 
the mobile communication network; 
wherein said plurality of base stations including 
a plurality of satellite base stations, each satel- 



lite base station having base station satellite 
connection means for providing a connection 
with a satellite; 

said plurality of mobile local switching stations 
s including a satellite mobile local switching sta- 

tion for connecting the satellite base stations to 
the mobile communication network, the satel- 
lite mobile local switching station having 
switching station satellite connection means for 
io providing a connection with the satellite; and 

said plurality of satellite base stations and the 
satellite mobile local switching station being 
selectively connected through the satellite by 
using the base station satellite connection 
is means and the switching station satellite con- 

nection means. 

25. The system of claim 24, wherein the satellite base 
stations are set at thinly populated areas with light 

20 potential traffics. 

26. The system of claim 24, wherein each satellite base 
station and the satellite mobile local switching sta- 
tion are selectively connected by transmitting con- 

25 trol data between said each satellite base station 
and the satellite mobile local switching station 
through a specific satellite channel which is fixedly 
used as a control channel, and connecting said 
each satellite base station with the satellite mobile 

30 local switching station by using satellite channels 
set up by a demand assign control according to the 
control data in the control channel. 

27. The system of claim 24, wherein each satellite base 
35 station comprises a base station unit having func- 
tions of a usual base station of the mobile commu- 
nication system, and a satellite relay station unit 
including the base station satellite connection 
means for connecting the base station unit with the 

40 satellite. 

28. The system of claim 27, wherein the satellite relay 
station unit of each satellite base station comprises 
the base station satellite connection means for pro- 

45 viding a connection with the satellite, a channel 
multiplexing/demultiplexing switch unit connected 
with the base station unit, and a demand assign 
control unit for controlling a connection between the 
base station satellite connection means and the 

so channel multiplexing/demultiplexing switch unit. 

29. The system of claim 24, wherein the satellite mobile 
local switching station comprises a mobile local 
switching station unit having functions of a usual 

55 mobile local switching station of the mobile commu- 
nication system, and a satellite relay station unit 
including the switching station satellite connection 
means for connecting the mobile local switching 
station unit with the satellite. 
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30. The system of claim 29. wherein the satellite relay 
station unit of the satellite mobile local switching 
station comprises the switching station satellite 
connection means for providing a connection with 
the satellite, a channel multiplexing/demultiplexing 
switch unit connected with the mobile local switch- 
ing station unit, and a demand assign control unit 
for controlling a connection between the switching 
station satellite connection means and the channel 
multiplexing/demultiplexing switch unit. 



15 



20 



25 



30 



35 



40 



45 



50 



5 



10 



13 



EP 0 755 163 A2 




14 



EP0 755163 A2 




15 



EP0755163A2 



CO 
O 

E 



oo 

CO 

O CO 
E- otf 



Z 
Q 

00 





a 


Q 


Q 


Q 


+ 


+ 


+ 


+ 


+ 


CQ 


CO 


CQ 


QQ 


CQ 








<S 




i 


cs 

1 


cn 
i 




in 




CO 

O o 



16 



EP0755163A2 




6 
E 



17 



EP 0 755 163 A2 



r- 

00 



3 
OL 



cm 

I 

< 

Q 

<-• 
o 

z 

Q 

00 



z 
O 
co 

00 
00 

z 
< 



00 

w 



z 
o 

oo z 
22 O 

S 00 
00 GO 

z i 
*9 



6- 

n 



z< 

s< 

£: tu 
2 z 

ox 



oo 

00 
CQ 
06 



06 
O 



< 

a 

< 



L. CO " 

CQ 



in 

a 

ft 



00 

2 



Z 
O 

CO 

oo 
= f- 

co u 
Z D 



<o< 



— 6- 



Z 

o 
z p 
2< 

< a* 

>E 
H Z 
UO 
<U 



z 
g 

00 
00 

00 

Z 



vo p. 



p — p — p p O 1 



Z Z 

OO 
Z &• 

zS 

OO 
OU 



si 

p 

p 

<u 



o 
z 

-J 

s 



z 

IS 



CQU 



p — p — p----p — p 



z 
o 
p 
z< 

2 P 

$< 



z 



z 
o 



z 
o 

go 

Us 

Z 3 



z 
o 

oo z 

2 GO 
GO GO 

z i 
*9 



W 
Si 
aP X. 

-6- — <> 
z 
o 
p 

M 

ig 

s< 

ox 

uu 



z 
o 

-Jp 

w < 

zz 
zo 

< CO 
X CU 
UO 



z z 

OO 

bE 

ta — i 
z ft. 

OO 

uu 



565 
P 

<u 



-6 p- 



o 
z 

-J 

< 
u 



6 — 6- Z- 



p rt p p- O p 



Z 

o 
2< 

ti 

< u 



z 
o 

oo 

GO UJ 

Z3 



05 W 
J- * 



2 
O 

GO z 

S20 

s« 

co co 
z = 



P< 



Sit 



z 
o 

z 
o 

3 

Q 



ZZ 
OO 

Zft- 
OO 

uu 



§1 

> CU 

P 
<u 



5 

06 

< 



— -6— -6- 



o — -p <> 



O 

z 

J 
< 
u 



z 
o 

j 5 

zg 

< co 

x m 
UQ 



p 



IS 

z ft- 
zS 

OO 

uu 



p — p 



o 
z 

-J 
< 
u 



CO 

Z 

2 

oo 
pa 



o -p — p — ■» 



18 



EP0 755163A2 



---Q p- 



-O----O p- 



-O O— 



00 

-J 



3- 

04 



o 



z 

Q 

oo 



00 
CO 

QQ 



O 

E 



< 

L9-4 



-J 
< 
Z 

g 

oo 
Z 

g 

E 

U 
w 

02 



O 

< 
Q 
< 



-J 
< 
z 
o 
c73 

z 
O 



U 

UJ 

04 r 
— Q 

-J 
< 

z 
o 

Z 

o 



u 

UJ 
OS 

»n 

oo — Q 
CO 

-J 
< 
z 

□ 
oo 

Z 

o 



UJ' 

oo 
z 

2 

oo 

UJ 

a: 

Z 
O 



UJ 
U 
UJ 

u 

oo 

S —a 



z 
o 



2p 



UJ 

U 

UJ 

ft! 

— 0— 



ox 

uu, 



o 

£p 
o< 

< Q£ 

bg 

<u 



z 
o 

U3 < 

zz 
zo 

< oo 

ac w 
UQ 



oo 

bE 

UJ -J 
Z O- 
Z2 
OO 

uu 



z £ 
61 

<u 



0- 

oo 

-J 
-J 

< 
U 



o 
z 

-J 

< 
u 



UJ 
oo 
Z 

2 

00 



z 

O 

00 



z 
o 

E 

UJ 
U 

UJ 

— O 

w 

oo 
Z 

o 

cu 

00 

UJ 
OS 

Z 

o 



Z 

<z 

cc 2; 
U^ 



QQ U 



z 
o 

o£ 

u <: 
z J 



Sz 

„0 DC 

♦uu* 

-6- — -o 

z 
o 



-6 — -0----0 6 0 <> <>-- 



Z 

o 
z p 

2< 

< c> 
>E 



b ? 



<8 



z 
o 

UJ < 

zz 
zu 

< oo 
DC UJ 
U Q 



zz 
oo 

hP 
uw 

03 _) 
ZO- 

zS 
OO 

uu 



z £ 
o2 

C E- 
5 UJ 

> Cu 

P 
< u 



CL 

E- 

UJ 

oo 

-J 

i-J 
< 
U 



o 
z 

J 

-J 

< 
u 



UJ 
oo 

z 

2 

00 
UJ 



UJ 

u 

UJ 

erf 

— 0- 
ta 

00 

z 

2 

oo 

UJ 

z 

o 



UJ 

u 

UJ 



o£ 

u < 
z -J 

=5 UJ 

1 z 

O X 

uu 



--(> Q-— --Q Q Q— -0 6 

z 
o 

p 

cu r , < 

D z w y 

r_ C 00 7 

6 d S § 
« < 2 i 

-J U oo ^ 

u 



z 
o 

Z P 
2< 

E-S 
>E 

bo 
<u 



§7T 

cc 1 

UJ 

5 

< 
U 



zz 
22 

b H 



oo 
uu 



z § 

o2 



UJ 
03 -J 

Z d- — 
zSPS 



uo 
< u 



o-- — 



O Q-----Q 



UJ < 
Z £ 

z o 

< CO 
X 03 
UQ 



^5 Z 
2oo 



-o— 



bis 

U3-J 
Z0- 

zS 
OO 

uu 



-6 



--- 0 — v 



Qu 
D 

Eg 

00 
—J 

-J 

< 

U 



z 

-J 

< 
u 



-cy— 



UJ 
00 

Z 

2 

oo 
OIL 



6 c^--- 



19 



EP0 75S163A2 




20 



EP0 755163A2 



r- "<t 

00 

-J 

5 



on 



06 

i 

< 
< 



6— 



Z 

Q 

oo 



V 



00 

b 



a: 

o 
< 

Q 
< 



z 
o 

p 

a 

z 
z o 



00 

00 
CO 



u w - 

CQ 



1/5 

5 3 



UJ 

Z 
Z 

o 
u 

00 

5 



tu 

C/3 
< 

uj 
-J 
uj 
as 



2§ Ete 

<Su zQ 
SS zp 

_ Z 

^ o o 

O qU 

F <- 

-J U as Q 
WW 

zz 
z 



z 

o 



uj 
z 
z 

8 

00 
S 



Q Q- 



Ll) < 

z S 

Z ftj 

81 

Q U 



Q 
Z 
< 

o 
u 

>- 

06 
UJ 
> 

o 

u 

UJ 

a: 



Q-----0- 



UJ 

C/3 
< 

S3 



oo— — 6— -6 

F U T I jl 

(J VD r 

g 5 



o 

>■§ 

O 

CO O 
aSU 



z 
o 

-J 
a. 

2 



m O 
as u 



z 
o 

6 

u 
z 
. z 
9o 

qU 
OS Q 



Z _ 

b^ 



— 0-—- 6- 



--0-----6 0- — -0 — <>-- 

* r z 
o 



~~z> 
o 

o u« 
uz 
wo 

OS u 



z 
o 



UJ 
z 
z 
o 
u 

00 

5 



z 
o 



u 
z 
z 
o 
u 

00 



u 
oo 
< 
uj 
-J 

QS 



S3 

-3 

a. 
O 

u 

uj 
oo 
< 
uj 

-J 

to 

OS 



y 

z 
- z 
oo 

OS Q 



— -O O 6- O Q 



UJ 
C/3 
< 
UJ 
-1 

uj 
06 



z 
o 

& 

-J 

8 

00 

< 
-J 

UJ 
&S 



— - O-— • 6- 



UZ 

06 a 



z ^ 

F2 
bb 

Zas 
OE 

go 



67" 
z 
< 

o 
u 

>- 

06 

UJ 

> 

o 
u 

tti 
OS 



--6- 



z 
o 



x5 

UJ £ 

OH 
uz 

tUO 
aSU 



z _ 
bb 



21 



EP0755163A2 




22 



EP0 755163 A2 




23 



EP 0 755 163 A2 




24 



EP 0 755 163 A2 



CO 
-J 

2 



z 
o 



00 

«S oo 

CO tO 

Z Di-c 
<0<I 



05" tO 

f- 06 



< 
os 



z 
g 

00 z 

|1 

00 CO 



*9 
f-< 



7 



Z 

o 

P 
Z< 

2 P 



z 
g 

00 
00 

2 oo 

00 tO 

Z D 



o 
«n 

>- 

<■ 
-J 
tO 
ad 



i z 
2 z 

£< 

ox 

4-z£ 



o 
z P 
2< 

<u 



z 
g 

oo z 

-2 

2 5o 
oo co 
Z S 



r< <►— 4— 



Oi 

tO 

5 

05" 
< 



-J 

Z 



tO 55 
&- CO 

<ta 

ooQ 



•7 



O 



2 Z 
OO 
hh 

oo 
uu 



z 
o 

co 

00 

<Ol< 
Hoi 



oo- 

00 



Z 

o 

So z 

p 

^ 00 
CO 00 

H < 



r 



z 
o 

p 

• < 

d> 

5^ 
S< 

z J 
6 to 

i z 

S< 

OS 

U Uj. 

z 
o 



z 
o 
zp 

2< 



~4 



5 o 

z J 

si 
s< 

OX 

UU 



z 
g 

00 
00 

Ito 
oo to 

Z 

<Oi< 



05 UU 
E- 06 



CO 

2 



z 
g 

oo z 

ll 

^ 00 

oo oo 
Z = 
< ,£ 

£9 



OS 

tO 

5 

05 
< 

u 



7 



z 
o 
zp 

2< 
Ps 

<u 



zz 
og 

En 

to J 
ZOj 

zS 
oo 
uu 



z z 
o2 

p 

<u 



-Q-----Q 



o 
z 

-J 

< 
u 



to 

CO 

Z 

O 
a. 

CO 
U3 
05 



-A l 



z z 
oo 

to -J 
z ft. 
ZS 

oo 
uu 



z o 
o2 

<u 



-4-4 



o 

Z 

J 

< 

u 



to 

CO 

z 
o 

a. 

CO 

to 

OS 



4-4-4-4-4- 



z z 
oo 

U -J 

z £ 
zS 

oo 

u u 



__4_„ 



z § 

o2 
P f- 
< j 

> cu 

51 

<U 



z 
o 

j 5 

to < 
z z 
zu 

< oo 
K tO 
U Q 



4 



o 
z 

-J 
< 



to 

CO 

z 

2 

CO 

to 

05" 



z z 
oo 

to _1 
z a- 

ZS 

oo 

uu 



-4-4 



o 
z 

J 

-0 

5 



00 

2 

o 

CO 



-6 



.-l-i 



25 



EP0755163A2 



-Tt .._0 — 




26 



EP0755163 A2 



v™ O— ■ 



2 
O 



a 
2 
2 
O 

u 
S 



2 
O 



o 

CO 



2 
O 



u 
2 
2 

8 

CO 

Q 



2 
O 



I 

O 



JL_J. 



r 



w 
< 

a 

w 
as 



A... 



oo 

< 
w 



.....1. 



2 
O 

g 

si 

o 
u 

w 
oo 
< 

3 

2 
O 

g 

-J 

Oh 



1 



2 O 



si 



hr< m y b-3 



Kg 

2o 

0.O 



Z Q- 

& 2 
£2 o 
Q U 



O 

U 



7 



< 

a 



..1... 



t 



w 

00 

< 



O" 



oo 
< 

3 

2 
O 

J 

Oh 

S 

o 

u 

[X] 
00 

< 

3 

2 
O 

1 
s 

o 
u 

CU 
oo 
< 
U3 
-J 
W 



si 

2 

Z~ 
<Z 

R2 



g8 

oo Q 



-4 



t 



Z~ 



ZftS 

<->z 

QU 



A... 



22 



^ w r w 

hr* rrt S m 



o.Q 



z ^ 



zS 

Z 06 

QE 



z 
o 



§8 

2 5 



T 



Q 
2 
< 

s 
o 
u 



<?---- 



r 



T 



> 

O 
U 
w 

2 
< 



2 
O 

>^ 

o a 
oz 

a O 



z - 

< 
s 

2 



25 

QU 



-4- 



2o 

QU 



t 



t 



O 

u 

06 
W 
> 

o 
u 
w 

2 
< 

s 

S 
o 
u 

> 

06 

> 
o 
u 
w 

-4. 



z 
o 

or 
w b 

c* U 



t 



z 
o 

W O 



27 



EP 0 755 163 A2 



r- ^ 



a- 

co 



o 
E 



O 

w 

06 



as 
cs 

« 

00 



ffl 



-0— -0-- 



s 



z 
o 



w 

z 
o 
u 

CO 



W 

CO 

< 

W 

W 
OS 



— Q 
Z 

o 

Is 

J 

0- 

S 
o 
u 

W 
CO 

< 
w 

w 

OS 



O o 



z _ 
2g 



ag 
oo 

qU 



Q 

z 
< 

s 

o 
u 

>- 

OS 

u 
> 

O 

u 
tu 

a!. 



— Q- 



z 
o 



[Tj 2 

o w 
uz 

wo 

OS U 



z 
o 

I 

z 
z 
o 
u 

CO 
I— I 

a 



w 

CO 

w 

w 
os 



— -o- — 0- 



w 
z 



z 
o 



w 
z 
z 
o 
u 

CO 



W 

CO 

< 
w 
j 
tu 

OS 



—6 O 



z 
o 



w 
z 

§ 

u 

CO 



w 

CO 

< 

en 
i— i 



-6- — o 



Z 

o 

g 

Qu 

s 

o 
u 

w 

CO 

< 

a 

-0-- 

Z J 

o 

Oh 

S 
o 
u 

W 
V3 

< 

W 
J 
W 
OS 

.—A. 

Z J > 

o 

i 

Qu 

S 
o 
u 

w 

CO 

< 

s 

w 

OS 



3z 

"6 



HZ 



-o 6- 6---<> 6 



§8 

OS Q 



2o 

P 
< 

S 

Oh 

M 

w 
Z 
O 

u 



Q 
Z 
< 

o 
u 

> 

OS 

u 
> 
o 
u 
a 

OS. 



z 
o 

>* 

uz 
wo 

0SU 



b — q — 6-----g — b 



wz 
go 

z 

u i 

2o 

2s 



z- 

H 
< 



2o 
Q U 



< 

s 

o 
u 

>« 

OS 
W 
> 

o 
u 
w 

OS 



z 
o 

si 

OW 
uz 
wo 
osu 



— <> — 6- 




28 



This Page is Inserted by IFW Indexing and Scanning 
Operations arid is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



Kl BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




